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Abstract 

We study the the effects of non-universal extra dimensions on the electric dipole mo- 
ments of fermions in the two Higgs doublet model. We observe that the t quark and b 
quark electric dipole moments are sensitive to the extra dimensions, however, in the case 
of charged lepton electric dipole moments, this sensitivity is relatively weak. 
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1 Introduction 



The electric dipole moments (EDMs) of fermions are worthwhile to study since their origin 
is the CP violating interaction, which is weak in the standard model and it pushes one to 
investigate new models beyond. There are number of experimental results on the fermion EDMs 
in the literature. The electron, muon and tau EDMs have been measured experimentally as 
d e = (1.8±1.2±1.0) x 10- 27 ecm 0, d M = (3.7±3.4) x 10" 19 ecm and d T = (3.1) x 10~ 16 ecm 
;3j respectively and the experimental upper bound of neutron EDM has been found as djv < 
1.1 x 10" 25 ecm jH. 

There is an extensive theoretical work done on the EDMs of fermions. The calculations of 
quark EDMs in the framework of the standard model (SM) J>.\ has shown that the non-zero 
contribution existed at the three loop level jH] and they were estimated as ~ 10~ 30 (e — cm), 
which is a negligible quantity. In this case, the complex phase, which is the source of CP 
violation, is coming from the complex Cabbibo-Kobayashi-Maskawa (CKM) matrix elements. 
Since the numerical results of fermion EDMs are tiny in the SM, there is enough reason to 
analyze these physical quantities in the framework of new physics beyond. There are many 
sources of CP violation in the models beyond the SM, such as multi Higgs doublet models 
(MHDM), supersymmetric model (SUSY), extra dimensions etc 

The EDMs of quarks was calculated in the multi Higgs doublet models 01211101, including 
the two Higgs doublet model (2HDM). In these calculations 6-quark and t-quark EDMs were 
obtained as 10~ 21 — 10~ 20 e — cm and 10 _20 e — cm. In [TI], it was observed that the new contribu- 
tions due to the H ± particles vanished at the two loop order with the assumption that the CP 
violating effects came from only the CKM matrix elements and H ± particles also mediated CP 
violation besides W bosons. In [12 , it was concluded that the enhancement of three orders 
of magnitude in the electric dipole form factor of the b quark with respect to the prediction of 
2HDM I and II was possible. [121 * s devoted to the calculation of leading contribution to the 
EDM of the top quark in Higgs-boson-exchange models of CP nonconservation and the dipole 
moments were estimated of the order 10~ 20 (e — cm). In ^3] lepton electric dipole moments 
in the supersymmetric seesaw model has been studied. In jT3], the EDM of the electron has 
been predicted as d e as 10~ 32 e — cm using the experimental result of d^ and the upper limit of 
BR(fi — > erf). The work ^B] is devoted to quark and lepton EDM moments in the framework of 
the SM with the inclusion of non-commutative geometry. In recent works, the EDMs of nuclei, 
deutron, neutron and some atoms have been studied extensively |17j . 

Our work is devoted to the investigation of the fermion EDMs in the case that the CP 
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violating interactions are carried by complex Yukawa couplings appearing in the flavor changing 
(FC) neutral current vertices, in the model III version of the 2HDM, with the inclusion of the 
extra dimensions. There is an extensive work on the extra dimensions in the literature [18 -|28j. 
The main motivation of such dimensions is to find a solution to the gauge hierarchy problem of 
the SM. The effects of each extra dimension is felt with the production of Kaluze-Klein (KK) 
states of the fields, which are obtained after the compactification on a circle of radius R. The 
number 1/R is known as the compactification scale and the its size have been estimated in the 
range 200 — 500 GeV, using electroweak precision measurements [IB], the B — B -mixing 
[2~U] and the flavor changing process b — > 57 [21] • Furthermore, this size has been obtained 
as large as few hundereds of GeV in several works [2H1 I2H 123 I2H I2Z]- If all the fields live 
in higher dimensions JBIEH], such extra dimensions are called as 'universal extra dimensions' 
(UED's), and in this case the extra dimensional momentum, and therefore the KK number at 
each vertex, is conserved. As a result of KK number conservation, the KK modes enter into 
the calculations as loop corrections. However, if some of the particles do not feel the extra 
dimensions and others do, namely non-universal extra dimension case, the coupling of two zero 
modes with the KK mode is switched on and the contributions of extra dimensions to the tree 
level processes become non-zero. 

In the present work, we consider the effects of non-universal extra dimensions on the EDMs 
of fermions by assuming that the new Higgs doublet and the gauge sector feel the extra dimen- 
sions, however, the other SM fields do not feel and are confined on 4D brane. Notice that in 
the case of UED, where all the fields are accessible to the extra dimensions, there does not exist 
any new contribution to the fermion EDMs due to the KK modes of Higgs fields and fermions, 
at least in the one loop level. The higher dimensional effects on the EDMs of fermions are 
carried by the intermediate charged, H , and neutral Higgs, h° and A , fields with the ver- 
tices including "two zero modes-KK mode". We study those additional effects for one and two 
spatial extra dimensions. 

In the numerical calculations, we observe that the t quark and b quark EDMs are sensitive 
to the extra dimension, especially the double one, however, in the case of charged lepton EDMs, 
this sensitivity is relatively weak. Therefore, the future accurate measurements of EDMs of 
fermions may be an effective tool to check the existence and the number of extra dimensions 
and the restriction of the compactification scale. 

The paper is organized as follows: In Section 2, we present EDMs of fermions, t-quark, 
b-quark and charged leptons, in the model III version of the 2HDM with the inclusion of the 
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non-universal extra dimensions. Section 3 is devoted to discussion and our conclusions. 



2 Electric dipole moments of fermions in the two Higgs 
doublet model with the inclusion of extra dimensions 

The existence of the fermion EDM depends on the CP violating fermion-fermion-photon in- 
teraction. In the framework of the SM, the CP violation is carried by the complexity of the 
Cabbibo Cobayashi Maskawa (CKM) matrix elements and the estimated numerical values of 
EDMs of fermions are extremely small. This makes it charming to investigate new complex 
phases by considering the physics beyond the SM. The model III version of the 2HDM is one 
of the candidate since the FC neutral currents (FCNC) are permitted at tree level and the 
new Yukawa couplings can be complex in general. With the addition of spatial extra dimen- 
sions which are felt by the new Higgs doublet there appear additional contributions sensitive 
to the compactification scale 1/R where R is the radius of the compactification. The Yukawa 
Lagrangian responsible for the EDM fermion in such a single extra dimension reads: 

£-Y = VijQiL^lUjR + T]FjQiL(plDjR + ^5ijQiL(4>2\y=o)U jR + CFijQiL(<p2\y=o)D jR 

+ vShL^lEjR + ^jkMy^EjR + h.C. , (1) 

where y represents the extra dimension, L and R denote chiral projections L(R) = 1/2(1 ^75), 
4>i for % — 1,2, are the two scalar doublets, Qn are left handed quark doublets, Uj R (Dj R ) are 
right handed up (down) quark singlets, In (Ej R ) are lepton doublets (singlets), with family 
indices i, j. The Yukawa couplings i E if ,U , complex in general, are dimensionful and rescaled to 
the ones in 4-dimension as £,$lf' E = V2nR t^- D,E 1 Here we choose the Higgs doublets 0i and 
02 as 



^ = 7=2 



\ , ( V2x 



v/2 ^ H 1 + tH 2 J ■ y } 



with the vacuum expectation values, 



<0i>=^(°) ;<0 2 >=o. (3) 

and collect SM (new) particles in the first (second) doublet. Notice that Hi and H 2 are the 
mass eigenstates h° and A respectively since no mixing occurs between two CP-even neutral 
bosons H° and h° at tree level in our case. 



1 In the following we use the dimensionful coupling £^ D ' E with the definition ^f- E — \ ^j=- £]v ii'^ wnere 



N denotes the word " neutral" . 
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Since the new Higgs field 02 is accessible to extra dimension, the compactification on a circle 
of radius R results in the expansion of 02 into its KK modes as 

Mx,y) = - 7 ==\^\x) + V2j2^2 ) ^)cos(ny/R)\ (4) 

where 02 (x) the 4-dimensional Higgs doublet which contains the charged Higgs boson H + , 
the neutral CP even (odd) H l (H 2 ) Higgs bosons. The non-zero KK mode of Higgs doublet 02 



includes a charged Higgs of mass Jm 2 H± + m^, a neutral CP even Higgs of mass Jrn^ + w? n 



a neutral CP odd Higgs of mass ym A0 + where m n = n/R is the mass of n'th level KK 
particle. In addition to the new Higgs field the gauge fields feel the extra dimensions and 
therefore there exist their KK modes after the compactification, however they do not bring new 
contributions to the EDM of fermions. 

The effective EDM interaction for a fermion / is given by 

Cedm = iedf f 75 v*™ f , (5) 

where F^ v is the electromagnetic field tensor, 'd/ is EDM of the fermion and it is a real 
number by hermiticity. In Figs. Q and 121 we present the 1-loop diagrams which contribute to 
the EDMs of fermions with the help of the complex Yukawa couplings. Here, the charged Higgs 
contributions play the important role in the case of the quarks. However, for charged leptons 
we assume that there is no CKM type lepton mixing matrix and, therefore, only the neutral 
Higgs part gives a contribution to their EDMs. 

Now, we would like to present the EDMs of fermions (t quark, b quark and charged leptons) 
with the addition of a single non-universal extra dimension where the second Higgs doublet 
and gauge sector feels the extra dimensions and all other SM particles are restricted to the 4D 
brane. The top quark EDM JU] reads: 



dt = d° t + 2 £ dx df ± ) + df + df 



(6) 



where 



H ± 4GV 1 m b - D „ - v |2 (-1 + x) {Qbj-1 + x) + 3x)y t 

t — AO o 2 lm \^N,bb^N,tt) I v tb\ : n 1 1 \ \ V' 

V2 4:8n z mi r b y t + x z y t - x (-1 + y t + r b y t ) 

d t = ^ ^ ^ Im(^, tt ) Rem, tt ) Qt |l - j Inn 

+ . ^=(Arctan ( . ) — Arctan ( —, )) > , for n < 4, 

'n (n - 4) y/n (n - 4) sjn (n - 4) J 
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if = -If ' — ,<„) fe «- tt ) Q, (l - -^2= In ^-f^ 
V2 16?H m t { v / ri ( ri _ 4) 2 

— —7*1 Zn ri | , for n > 4 , 
d?° = -rff(r!-r 2 ), (7) 



is the contribution without the extra dimension, namely n = case, and r b = — |, 7*1 = 

m 2 +n 2 /R 2 m 2 +n 2 /i? 2 m 2 . 

h m 2 , r 2 = A m 2 , Vt = m 2 ±+ ^2 /jR2 , Qb and Q t are charges of b and t quarks respectively. 

In eqs. (J7J), we take only internal b (t)-quark contribution for charged (neutral) Higgs in- 
teractions. Here, we consider that the Yukawa couplings ^ it , i = u,c, and £^ 6 „-, j = d,s are 
negligible compared to ^ tt and £,§,bb ( see [EJ- Furthermore we use the parametrization 

£iV,&o = l£w,6&l e * 6 > (8) 

for the complex Yukawa couplings ^ tt and £?} bb - Notice that the neutral Higgs contributions 
to the d t are switched on if we choose the coupling ^itt complex. In our numerical calculations 
for dt we choose this coupling complex to determine the strength of the the neutral Higgs 
contributions and observe that they are small compared to the charged Higgs ones. 
Similarly the b quark EDM 3] reads: 



d b = d° b + 2j2(d b H± +df + df) , (9) 

71=1 



where d b , d b ° and d b ° are 
H ± _AG F e 1 -jj - D 2 y t ((-1 + Q t (-3 + y t ) - y t ){y t - 1) + 2 (Q t + y t ) lny t ) 

a b /F^TT t,N,tt lm [t,NM) \ V tb\ 



V2 32vr 2 m t (y t - 1, 
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V2 I67H m b / ri ( ri _ 4) 2 2 

= _^°( ri ^ r2 ). (10) 

where d b is the contribution without the extra dimension. In eq. (fTU|) . we take into account 
only internal t-quark contribution for charged Higgs boson and internal 6-quark contribution 
for neutral Higgs interactions by following the previous assumption. Furthermore, we choose 
£x u real and ^ bb complex since the d b is sensitive (not sensitive) to the imaginary part of the 
coupling ££ 66 
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Finally, we will present the charged lepton EDMs with the addition of non-universal extra 
dimensions. Since there is no CKM type lepton mixing matrix according to our assumption only 
the neutral Higgs part gives a contribution to their EDMs and /-lepton EDM 'dj' (/ = e, //, r) 
can be calculated as a sum of contributions coming from neutral Higgs bosons ho and A |15j . 

di = -^f ^2 ^ (i^r) 2 ~ (&,rif) ((Fi(y h0 ) - F l (y Ao )) + 2 f) (Fi(y% ) - F^J)) ,(11) 
for I = e, fj, and 

dr = -^^- 2 ((CI;.) 2 - (^, T .) 2 ) f (F 2 K) - F 2 (r Ao )) + 2 £ (F 2 « ) - F 2 (r^))) 



y/2 32vr 2 
m 
m 



n=l 



0/. ^((^;.) 2 - (C) 2 ) K in - r Ao in (^ )) 



CXJ \ 

+ 2Y,(r n h Jn(zl)-r n Ao ln(z n Ao )) }, (12) 



n=l 



where the functions F 2 (u;) and F 3 (u>) are 

w(3-4w + «) 2 + 2in«)) 



1 3 



1 + W 

2(-2 + w)wln\(^/w- y/w-4) 



F 2 (w) = wlnw + — 2VV — -. (13) 

Jw (w — 4) 

2 2 

Here 2& = ^T^W' r H = ^ and z * = ^ = ^' r " = r H and ^ = 4, 

<5t and Q M are charges of r and \i leptons respectively. In eq. (JTTJ) we take into account only 

internal r-lepton contribution respecting our assumption that the Yukawa couplings [L, i,j = 

e, [A, are small compared to ^ ri i = e,fi,r due to the possible proportionality of the Yukawa 

couplings to the masses of leptons in the vertices. In eq. (J 12)) we present also the internal fi- 

lepton contribution, which can be neglected numerically. Notice that, we make our calculations 

in arbitrary photon four momentum square q 2 and take q 2 = at the end. We used the 

parametrization 

^N,n = \^Je^ , (14) 
and the Yukawa factors in eqs. (jllj) and (|T2"|) can be written as 

((^r) 2 - (U 2 ) = -2 ism 20, |^| 2 (15) 
where I = e, fi, r. Here Q\ is CP violating parameters which is the source of the lepton EDM. 
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In the case two extra spatial dimensions which are felt by the second Higgs doublet 02 the 
compactification of the extra dimensions is done on a torus S* 1 x S 1 and the doublet 02 can be 
expanded into its KK modes as 



Here the indices n and r are positive integers including zero but both are not zero at the 
same time and each circle is considered the same radius R. Furthermore, 02°' O ^( X ) * s the 4- 
dimensional Higgs doublet including the charged Higgs boson H ± , the neutral CP even (odd) 
h° (A ) Higgs bosons. The non-zero KK mode (x) ( n or r is different than ) of Higgs 



doublet 02 contains a charged Higgs of mass Jm 2 H ± + m\ + m 2 , a neutral CP even Higgs of 



mass \Jrn? h0 + m 2 + m 2 , a neutral CP odd Higgs of mass \Jrn 2 A0 + m 2 + m 2 . where the mass 

terms m n = n/R and m r = r/R exist due to the compactification. 

3 Discussion 

In this section we analyze the effects non-universal extra dimensions on the EDMs of fermions, 
including top quark, bottom quark and charged leptons. Since the EDM interaction is CP 
violating, one needs a CP violating phase and we consider the complex Yukawa couplings 
appearing in the FCNC at tree level in the framework of the model III. 

For the top quark EDM, the CP violating parameters are sin 8b and sin 8t play the main role 
(see eq. (JSJ)). In this case, the neutral Higgs boson contribution exists if the parameter sin6 t is 
non-zero, namely, the Yukawa coupling drives t — t — h°(A°) interaction has a complex phase. 
On the other hand the bottom quark EDM appears with the non-zero parameter sin 8b, which 
is the imaginary part of the Yukawa coupling responsible for the b — b — h°(A°) interaction. 
These CP violating parameters, the Yukawa couplings, ^f,ij\ an d the masses of new Higgs 
bosons, H^, h° and A are the free parameters of the model used and they should be restricted 
using the experimental measurements. 

In our numerical calculations we neglect all the quark sector Yukawa couplings except £^ tt 
and £jy bb since they are negligible due to their light flavor contents, by our assumption, similar 
to the Cheng-Sher scenario j2Hj. Furthermore, for the couplings ^ tt , and the CP violating 
parameters sin9 t and sin 8b, we use the constraint region which is obtained by restricting the 
Wilson coefficient Cj in the region 0.257 < |C 7 e// | < 0.439. Here upper and lower limits were 
calculated using the CLEO measurement [SO] 




(16) 





Br(B -> X sl ) = (3.15 ± 0.35 ± 0.32) 10 



-1 



(17) 
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and all possible uncert amities in the calculation of Cy [3T] . Notice that Cj is the effec- 
tive coefficient of the operator O7 = j§^2 Saa^im^R + m s L)b a J rflu (see [HI] and references 
therein). We respect also the additional constraint for the angle 9 t and 8 b , comes from the 
experimental upper limit of neutron electric dipole moment, d n < lCT 25 e-cm, which leads to 
m ^ Im(J^ tt i*j^ bb ) < 1.0 for M H ± w 200 GeV |22]- In our numerical calculations we choose the 
upper limit for C7 > 0, fix £jy 6b = 30 m b and take ^ tt ~ SSGeV^, respecting the constraints 
mentioned. 

The charged lepton EDM depends on the leptonic complex Yukawa couplings = 
e, li, t which are another set of free parameters in the model III. Similar to the previous assump- 
tions, we consider the Yukawa couplings i, j = e, li, as smaller compared to % = e, il,t 
and we assume that is symmetric with respect to the indices i and j. For the coupling 
^>n rfi we use the restriction (see [33]) coming from the experimental uncertainty, 10~ 9 , in the 
measurement of the muon anomalous magnetic moment [21]. Notice that the predicted upper 
limit for the coupling £jy T „ is 30 GeV in (221 ■ F° r the coupling Cf TT there is no stringent 
prediction and we take an intermediate value which is greater than the coupling £jf T „. 

The inclusion of the spatial extra dimensions that are felt by the new Higgs doublet results in 
the new contributions, emerging from the KK excitations of the new charged and neutral Higgs 
fields, to the EDMs of fermions. The new vertices appearing in the calculation of EDMs are 
coming from the fermion-fermion-KK Higgs interaction where the KK number is not conserved 
in contrast to the case of UED fSJ |2E] • The compactification of extra dimensions to the torus 
brings new parameter, called the compactification radius R. Here R is the size of the extra 
dimension and it needs to be restricted. The lower bound for inverse of the compactification 
radius is estimated as ~ 300 GeV jT5j . 

In our calculations we study the effects of one and two spatial non-universal extra dimensions 
on the EDMs of fermions, top and bottom quarks, charged leptons li and r. In the case of 
two spatial extra dimensions the compactification is done on a torus S 1 x S 1 and we assume 
that each circle has the same radius R. We see that the EDMs of fermions we consider are 
sensitive to the extra dimensions. Notice that we do not present the new effect on the light 
fermions, other quarks and electron, since the corresponding Yukawa couplings and the mass 
ratios m Light /m H ± h o^Ao are highly suppressed. In addition to this we take the Yukawa couplings 
for fermion-fermion-KK Higgs interaction same as the ones existing in the zero-mode case with 
the assumption that the Yukawa couplings are sensitive to the flavor. 

In Fig. |2l we plot EDM d t with respect to compactification scale 1/R for m#± = 400 GeV , 



8 



m h o = 85 GeV, m^o = 90 GeV, the small value of sin6 t = 0.1 and the intermediate value of 
sinOb = 0.5. Here the solid (dashed) line represents charged Higgs (total) contribution to the 
t-quark EDM without extra dimension, solid (dashed) curve represents charged Higgs (total) 
contribution of a single extra dimension to the t-quark EDM and dotted (double dashed) curve 
represents charged Higgs (total) total contribution to the t-quark EDM. This figure shows that 
the contribution of the extra dimensions are, especially for the charged Higgs part, larger than 
the one without the extra dimension, for 1/R < 600 GeV. In fact, in the case of vanishing 
sinOt the neutral Higgs bosons h° and A and their KK modes do not have any contribution 
to the EDM of top quark and for nonzero sin 9 t , they are suppressed even with the addition of 
extra dimensions. The EDM of top quark reaches the numerical value 3.0 x 10~ 21 (e — cm) for 
1/R ~ 300 GeV with the inclusion of a single extra dimension and it is almost six times larger 
than the one obtained without extra dimensions. This is an interesting result since the EDM 
of top quark is sensitive to a single extra dimension and it may ensure a powerful information 
about the existence of extra dimensions and the restriction of the compactification scale, with 
the forthcoming experimental measurements. 

Fig. HJ is devoted to the compactification scale 1/R dependence of the EDM db for m#± = 
400 GeV, rriho = 85 GeV, m^o = 90 GeV, and the intermediate value of sinOb = 0.5. Here the 
solid (dashed) line represents charged Higgs (total) contribution to the b quark EDM without 
extra dimension, solid (dashed) curve represents charged Higgs (total) single extra dimension 
contribution to the b quark EDM and dotted (double dashed) curve represents charged Higgs 
(total) total contribution to the b quark EDM. We see that the contribution of the extra 
dimensions is larger than the one without the extra dimension, for 1/R < 600 GeV. Here the 
neutral Higgs contribution is suppressed similar to the top quark EDM and we do not present 
in this figure. The EDM of b quark is 5.0 x 10~ 20 (e — cm) for 1/R ~ 300 GeV in the case 
of the inclusion of a single extra dimension and it is more than one order larger compared 
to the one without extra dimensions. It is shown that the EDM of b quark is sensitive to a 
single extra dimension and this physical quantity is a candidate to test the extra dimensions 
and to obtain stringent restrictions for the compactification scale, with the accurate future 
experimental measurements. 

Fig. shows the compactification scale 1/R dependence of d t and d b for m H ± = 400 GeV, 
m/jo = 85 GeV, m^o = 90 GeV, and the intermediate value of sin 8b = 0.5 in the case of 
non-universal two extra spatial dimensions. Here the solid (dashed) line represents d t (db) 
without extra dimension, solid (dashed) curve represents d t (db) with the inclusion of two extra 
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dimensions.lt is realized that the EDM of t (b) quark is much more sensitive to two extra 
dimensions and it is two orders (almost three orders) larger compared to the one without extra 
dimensions, for 1/R ~ 300 GeV. This is a valuable information to test the compactification 
scale and even the number of extra dimensions. 

At this stage, we start to analyze the effects of the extra dimensions on the charged lepton 
EDMs. Here we make analysis for \i and r lepton and choose the numerical values = 
lOGe^, £Jv,tt = 50Ge^, sinQ T = sinO^ = 0.5. The assumption that there is no CKM type 
matrix in the leptonic sector leads to the fact that there exist only neutral Higgs contributions 
in the expression of EDM of charged leptons. 

In Fig. |H1 © we present the compactification scale 1/R dependence of (d T ) for m^o = 
85 GeV, m^o = 90 GeV. Here the solid-dashed-small dashed lines represent (d T ) without- 
with a single-with two extra dimensions. It is observed that d^ (d T ) is weakly sensitive to 
the extra dimensions for 1/R > 300 GeV and the contribution due to the two extra spatial 
dimension is almost 10% for 1/R ~ 300 GeV. 

Now we would like to summarize our results: 

• The EDM of top quark is sensitive to the extra dimensions, especially to two extra di- 
mensions. The inclusion of a single (double) extra dimension causes the EDM to enhance 
to the numerical value 3.0 x 10~ 21 (e — cm) (10 -19 (e — cm)) for 1/R ~ 300 GeV and it 
is almost six times (two orders) larger than the one without extra dimensions. This is 
informative to check the existence of extra dimensions and the restriction of the compact- 
ification scale, with the help of the forthcoming experimental measurements. 

• The EDM of b quark is also sensitive to the extra dimensions and it reaches the numerical 
value of 5.0 x 10~ 20 (e - cm) (5.0 x 10~ 18 (e - cm)) for 1/R ~ 300 GeV in the case of the 
inclusion of a single (double) extra dimension. The addition of extra dimensions results 
in the enhancement of EDM of one order (three orders) compared to the one without 
extra dimensions, for 1/R ~ 300 GeV. This is a stong sensitivity and it can be used even 
to test the number of extra dimensions, besides the restrictions for the compactification 
scale. 

• dp (d T ) is weakly sensitive to the extra dimensions for 1/R> 300 GeV and the contribu- 
tion due to the two extra spatial dimension is almost 10% for 1/R ~ 300 GeV. 

Therefore, the experimental investigation of the EDMs of the top quark and bottom quark 
can give powerful information about the existence of extra dimensions. 
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Figure 1: One loop diagrams contribute to EDM of top and bottom quarks due to charged 
Higgs boson (a and b) and neutral Higgs bosons h°, A (c) in the 2HDM, including KK 
modes. Wavy lines represent the electromagnetic field and dashed lines the Higgs field. 
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Figure 2: One loop diagrams contribute to EDM of charged leptons due to neutral Higgs bosons 
h°, A in the 2HDM, including KK modes. Wavy lines represent the electromagnetic field and 
dashed lines the Higgs field where l\ ^ = e, /x, r 
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Figure 3: d t with respect to compactification scale 1/R for m#± = 400 GeV, m^o = 85 GeV, 
mjsfi = 90 GeV, sin9 t = 0.1 and sinO^ = 0.5, in the case of a single extra dimension. Here the 
solid (dashed) line represents charged Higgs (total) contribution to d t without extra dimension, 
solid (dashed) curve represents charged Higgs (total) single extra dimension contribution to d t 
and dotted (double dashed) curve represents charged Higgs (total) total contribution to the d t . 
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Figure 4: The same as Fig. 01 but for db and sin 9b = 0.5 




Figure 5: The compactification scale 1/R dependence of d t and db for m H ± = 400 GeV, m h o = 
85 GeV, m^o = 90 GeV, and the intermediate value of sin 9b = 0.5 in the case of non-universal 
two extra spatial dimensions. Here the solid (dashed) line represents dt (db) without extra 
dimension, solid (dashed) curve represents dt (db) with the inclusion of two extra dimensions. 
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Figure 6: The compactiflcation scale 1/R dependence of d M for m h o = 85 GeV, m^o = 90 GeV. 
Here the solid-dashed-small dashed lines represent without-with a single-with two extra 
dimensions. 
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Figure 7: The same as Fig. El but for d T . 
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